Abstract Salicylates are common exposures. We report an unusual case of salicylate ingestion, as salsalate, with resolution of symptoms and return of salicylate levels to non-toxic values, with a subsequent, unexpected recrudescence to toxic levels requiring reinstitution of therapy. A 31-year-old man ingested unknown amounts of salsalate, hydroxyzine, and a benzodiazepine. He was intubated and treated with IV sodium bicarbonate and two doses of oral activated charcoal. Eight hours after presentation, his serum salicylate concentration peaked at 55 mg/dL, and then decreased to a nadir of 5.6 mg/dL 38 h after presentation, coinciding with return of GI motility. Several hours later salicylate concentrations began to rise, peaking 67 h after presentation at 61.7 mg/dL. He was treated with sodium bicarbonate and charcoal, which resulted in decreased serum salicylate to therapeutic levels. Salicylate ingestions are known to exhibit unusual toxicokinetics and absorption in overdose; however, this is the first case we are aware of that shows a return to toxic concentrations after apparent resolution of toxicity. Recrudescence of salicylate concentrations to a degree that would dictate reinstitution of therapy for overdose is unusual and may warrant prolonged monitoring of serum salicylate concentrations in salsalate ingestions.
Background
Salicylate exposures were reported to Poison Centers 19,613 times in 2007 with 14 deaths [1] . Once serum salicylate concentrations return to the therapeutic range after treatment in an overdose scenario, most management guidelines no longer advise monitoring serum concentrations [2, 3] . We report a salsalate overdose where a patient with elevated serum salicylate concentrations was treated with sodium bicarbonate and activated charcoal, with decline of serum salicylate concentrations to subtherapeutic concentrations followed by a subsequent return to toxic concentrations necessitating reinstitution of therapy.
Case Report
A 31-year-old male with a history of depression, posttraumatic stress disorder, and prior suicide attempts was discovered at 7 am by his neighbors with decreased level of consciousness after a suicide note stating he was planning to kill himself with "anxiety and narcotic medications" was found. On the arrival of Emergency Medical Services (EMS), he was rousable, and stated he had tried to kill himself "last night" via medication overdose, but refused to give further information about the overdose. Thirty-six new and old pill bottles were found next to him, including acetaminophen (APAP), hydrocodone/APAP, hydroxyzine, ibuprofen, lorazepam, magnesium oxide, morphine, oxy-codone, paroxetine, ranitidine, salsalate, senna, temazepam, tramadol, venlafaxine, and zolpidem. There was no evidence of other salicylate-containing preparations among the medications that were brought with him.
He was transported to the emergency department by EMS, vomiting once en-route, with no pill fragments present in the vomitus. On arrival, he had a blood pressure of 162/92 mmHg, pulse of 100 bpm, respiratory rate of 14/min, and oxygen saturation of 98% on room air, and a Glasgow Coma Scale of 14. He was initially sleepy, but rousable and told his physicians that he had ingested several pills, but would provide no other information. He had an otherwise normal physical examination, including normal, reactive pupils and the presence of bowel sounds. Laboratory values on presentation included a sodium of 144 mmol/L (136-145 mmol/L), potassium of 4.1 mmol/L (3.5-5.1 mmol/L), HCO 3 of 33 mmol/L (22-32 mmol/L), chloride of 104 mmol/L (100-110 mmol/L), BUN of 18 mg/dL (7-23 mg/dL), creatinine of 1.2 (0.7-1.3 mg/ dL), and glucose of 125 mg/dL (70-115 mg/dL). His serum salicylate concentration was 29.2 mg/dL, acetaminophen concentration <2 mcg/mL, and ethanol <10 mg/dL. Urine drug screen by immunoassay on the Dimension RxL system was positive for benzodiazepines and cannabinoids, and negative for amphetamines, barbiturates, cocaine, methadone, opiates, phencyclidine, and propoxyphene. His initial arterial blood gas on room air showed pH of 7.34, pCO 2 of 46 mmHg, and pO 2 of 80 mmHg. His EKG revealed a narrow complex sinus rhythm with normal QRS and QTc intervals, and no evidence of ischemic changes. His clinical and laboratory assessment at this time was not felt to be consistent with pure salicylism, and he was admitted to the ICU for a polysubstance overdose. No charcoal was given in the ED for concerns about future airway deterioration.
On initial ICU evaluation approximately 3 h after presentation, his HR was 112, BP was 154/63, RR was 9, and oxygen saturation was 97% on room air. Subsequently, the patient's level of consciousness and respiratory rate decreased. An arterial blood gas immediately before intubation showed a pH of 7.31, a pCO 2 of 48, and a pO 2 of 111. He was intubated for an episode of apnea 5.5 h after presentation to the emergency department. Intravenous sodium bicarbonate (NaHCO 3 ) therapy was initiated with 150 mEq (three ampules) NaHCO 3 in 1 L of D5W running at 200 mL/h. Two doses of activated charcoal (the first a 100-g dose followed by a 50-g dose) were administered through a nasogastric tube (Fig. 1) . Salicylate concentrations peaked at 55 mg/dL just over 8 h after presentation to the emergency department. During this peak, he had serial pH values between 7.37-7.45, urine pH was measured at 5.5, serial potassium concentrations of 3.1-4.1 mmol/L, and serial serum HCO 3 concentrations varied from 25-33 mmol/L. His serum salicylate concentrations declined ( Fig. 1 ) and the IV NaHCO 3 therapy was stopped 26 h after presentation. He had two charcoal bowel movements between 36 and 41 h after his presentation. Thirty-eight hours after presentation, his serum salicylate concentration reached a nadir of 5.6 mg/dL. The physician's order to obtain serum salicylates was not discontinued at this time, and his serum salicylate concentrations rose slowly. Fortynine hours after presentation, he was extubated; at this Green bar denotes IV dosing of NaHCO 3 . Dotted arrow denotes time of extubation. pH a is arterial pH. pH v is venous pH. pH u is urine pH point, his serum salicylate concentration had already risen to 17.4 mg/dL. His venous blood gas at this time showed a pH of 7.36 and a pCO 2 of 46 mmHg.
After his extubation, during psychiatric interview, he was relatively certain that he had taken salsalate, hydroxyzine, and a benzodiazepine. He was kept on a psychiatric hold and under the supervision of a one-to-one sitter. During this period no salicylates were administered and he had no access to his home medications.
Continued monitoring of salicylate concentrations showed a continued rise (Fig. 1) . The patient began to complain of tinnitus 61 h after presentation (33 h after his level dropped to 7.9 mg/dL), when his concentration reached 41.4 mg/dL. Venous blood gas at this time revealed a pH of 7.42 and a pCO 2 of 39 mmHg. His room was searched during the second elevation, and no evidence of surreptitious salicylate administration was discovered. He denied taking a second dose of salicylate. The IV NaHCO 3 therapy was restarted at the previous dose and rate 62 h after presentation and he was given two more 50-g doses of activated charcoal without cathartic. His salicylate concentrations peaked at 61.6 mg/dL at 67 h after his admission. During the second salicylate peak, his urine pH was 7.0-8.5, his serum pH ranged from 7.36 to 7.50 on venous blood gas, his serum HCO 3 ranged from 24-29 mmol/L, and his potassium ranged from 3.5 to 3.8 mmol/L. His salicylate concentration slowly returned to therapeutic concentrations. He was subsequently transferred to a psychiatric facility and remained asymptomatic.
Discussion
Salicylsalicyclic acid (SSA), or salsalate, is the salicylate ester of salicyclic acid (SA) (Figs. 2 and 3) . Salsalate is an NSAID analog of aspirin that causes less GI bleeding and has fewer platelet effects [4, 5] . Salsalate is minimally absorbed in the acidic pH of the stomach, but is much more rapidly liberated in the basic pH in the small intestine. Theoretically, the majority of absorption occurs in the small intestine, although there are no in vivo studies demonstrating this phenomenon [6] . Absorption is thought to occur faster than enteric-coated aspirin, but slower than nonenteric-coated aspirin [5] . SSA is hydrolyzed by esterases to two molecules of SA in the small bowel prior to absorption and in the GI mucosa after absorption. A small percentage of the produced SA then undergoes first pass metabolism via the liver, thus decreasing the total amount of SA available compared to an equivalent dose of aspirin [7, 8] . Metabolism is nearly complete, with less than 1% of SSA being excreted unchanged in the urine [7] . Mean peak SSA concentrations occur 1.5 h after therapeutic dosing and are undetectable in most patients 6 h after dosing, with a calculated plasma half life of 1.1 h [9] . SA concentrations typically peak 4-7 h after therapeutic SSA dosing [9] . With equivalent dosing of salsalate and aspirin, SA concentrations are higher during the first 2 h after aspirin dosing; however, after the first 2 h, there is no significant difference in the concentration of SA in the blood [9] . Salsalate's effects in therapeutic dosing have been shown to be comparable to those of aspirin with similar blood SA concentrations after comparable therapeutic dosing [4, 10] . This suggests that at least in therapeutic dosing, salsalate appears to behave like regular aspirin.
Unpredictable absorption is a well-known phenomenon in enteric-coated salicylate overdose. Enteric-coated aspirin are designed to be stable in the stomach's acidic environment and delay absorption until the pill has time to move through the GI tract. Upon reaching an environmental pH above 6.0, the coating dissolves and the salicylate is released, causing a delayed peak concentration and extended effect of the salicylate preparation [11] . This pharmacokinetic model is similar to the absorption model of salsalate, where minimal absorption occurs in the stomach, with subsequent increased absorption in the small intestine [6] . There can be some hydrolysis of SSA in the small bowel, as well, which could lead to formation of acetylsalicylate bezoar in the gut [9] . In enteric-coated salicylate overdose, peak serum concentrations have been delayed as long as 60 h after ingestion in one reported ingestion [12] . Other cases have reported delayed absorption, with undetectable initial salicylate concentrations 1 and 3 h after an entericcoated aspirin ingestion, followed by a rise to concerning concentrations [13] . Large overdoses of enteric-coated aspirin have been shown to lead to bezoar formation [11] . Salicylate bezoars have been proven by barium swallow and/or upper endoscopy in patients with abnormal and normal gastrointestinal motility and anatomy [14, 15] . Serum salicylate concentrations may not be elevated, even when a gastric bezoar as large as 66 salicylate tablets is proven to be present [14] . These unpredictable kinetics present in overdose require close monitoring of serum salicylate concentrations.
The clinical course of salsalate in overdose is not well described. Given the similar mechanism of absorption, it is possible that in overdose SSA moves from kinetics similar to non-enteric-coated aspirin and takes on characteristics of enteric-coated aspirin. The one published case of salsalate overdose we found describes a patient with significant presenting clinical symptoms of salicylism, but initial SA concentrations much lower than were expected for the degree of symptomatology [16] . This patient's serum salicylate concentrations ultimately reached 94 mg/dL 8 h after absorption, causing the authors to postulate that the circulating SSA caused similar symptoms to SA prior to hydrolysis [16] .
One guideline for managing a salicylate overdose suggests that in overdose situations serum salicylate concentrations should be checked "until the patient is clinically improving and has a low salicylate concentration" [2] . While poison centers management recommendations vary, they usually suggest that once an elevated salicylate concentration has returned to therapeutic concentrations (either one or two measurements) after an overdose, bicarbonate therapy may be stopped, and no further therapy is indicated for a salicylate overdose. Unfortunately, these guidelines would have "cleared" this patient 33 h prior to the onset of his symptoms, which would have provided time for discharge or transfer to a psychiatric facility with few laboratory capabilities, with potentially disastrous results. We have found no literature to suggest other cases of delayed return of salicylate concentrations to toxic concentrations requiring therapy after completion of a successful treatment regimen.
There are several possibilities that could explain this phenomenon. The first possibility is that the patient took a second dose of salicylate in his room. We feel this is unlikely. The patient's salicylate concentration had risen to 17.4 mg/dL prior to his extubation. After extubation, he was observed with a one-to-one sitter while on a psychiatric hold, limiting his opportunity and access for self-administration. His room was searched, and no evidence of surreptitious salicylate administration was discovered. We feel this makes this unlikely to be the source of the delayed rise.
A change in renal excretion due to cessation of bicarbonate therapy is another possible explanation for the second rise. Assuming his salicylate was absorbed at a constant rate, a higher rate of excretion during sodium bicarbonate therapy could be expected, clearing the absorbed salicylate. Stopping the bicarbonate therapy would decrease excretion rate, but constant continued absorption, now greater than the excretion rate, could account for a delayed rise in serum salicylate concentration. This seems unlikely, as his urine pH, an important determinant of salicylate excretion, remained relatively unchanged prior to and during the second rise, compared to the time of the nadir of his concentrations.
Another possibility is that the salsalate was initially completely absorbed as unhydrolyzed SSA, and elevated concentrations were not detected by the initial serum salicylate analysis. This seems unlikely as the patient was asymptomatic after extubation, with return of tinnitus as his salicylate concentrations rose. Persistent tinnitis would be expected with significant SSA toxicity.
The final possibility is that, given its lack of absorption in acidic environments, it is possible that decreased GI motility from the coingested medications (either anticholinergics or opioids) could have created an undigested pill collection or bezoar in the stomach or that the SSA was hydrolyzed in the small bowel to SA creating a SA bezoar. Such a bezoar that is not in a region of the gastrointestinal tract where it may be absorbed could be reflected by undetectable serum salicylate testing [14] . Once gut motility returned, and after the initial salicylate load was cleared, a second period of absorption and subsequent serum salicylate elevation may have occurred. The first bowel movement was approximately 2 h prior to the nadir of levels, which would be consistent with the time that in therapeutic dosing of SSA that it took for SA levels to begin to rise [9] . The incidence of the described phenomenon is unknown. It is possible that this was an unusual occurrence solely due to the toxicokinetics of salsalate in overdose. We find the return of gastrointestinal motility as his co-ingestant's effects subsided, coupled with possible bezoar formation, to be the most compelling of the discussed etiologies to explain this phenomenon. A more concerning question is whether this is a more frequently occurring event than is recognized in general salicylate overdoses, and one that current monitoring protocols are missing. We have changed our protocols at our poison center, by recommending checking salicylate concentrations 6 and 12 h after bicarbonate therapy has stopped in order to ensure that we are not missing more of these cases. The prospective evaluation of this phenomenon is a crucial area of future research.
Conclusion
We report an unusual case of salsalate ingestion with resolution of symptoms and salicylate concentrations to non-toxic values, with a subsequent, unexpected elevation to toxic concentrations requiring reinstitution of therapy. Clinicians should be wary of atypical kinetics in salsalate ingestions and possibly other salicylate formulations and should consider prolonged monitoring of salicylate concentrations in these circumstances.
